Background: The purpose of this study was to identify potential health system solutions to suboptimal use of antihypertensive therapy in a diverse cohort of patients initiating treatment.
H
EART DISEASE IS THE LEADing cause of death in the United States and costs more than $315 billion each year in health care costs and loss in productivity. 1, 2 Hypertension is a major risk factor for heart disease, and modest reductions in blood pressure have been associated with significant reductions in the risk of adverse cardiovascular events such as stroke, coronary heart disease, and death. 3 Despite the widespread availability of clinically efficacious medications for treating hypertension, fewer than one-third of patients with hypertension achieve recommended levels of blood pressure control. 4 Some racial and ethnic subgroups may be at higher risk for inadequate blood pressure control and lower rates of antihypertensive adherence, even in settings with somewhat equal access to care. [5] [6] [7] [8] [9] Suboptimal use of antihypertensives can occur at any stage in the process, from picking up the first prescription to making adherence a part of everyday life. 4 However, because long-term adherence depends on persistence with therapy at an early stage of treatment, early nonpersistence may present a critical opportunity for identifying practices and policies with the potential to reduce disparities in cardiovascular outcomes.
The purpose of this study was to identify potential health system solutions to suboptimal adherence and persistence with antihypertensive medications at an early stage of treatment among a diverse co-hort of hypertension patients with equal access to health insurance. Identifying potentially modifiable health system-level determinants of appropriate medication use across racial and ethnic groups could inform the development of interventions designed to reduce disparities in hypertension control.
METHODS

SETTING AND STUDY POPULATION
This retrospective cohort study was conducted at Kaiser Permanente Northern California, an integrated health care delivery system serving more than 3.3 million people. From a hypertension registry including nearly 1.3 million patients from 2000 through 2009 identified through a complex algorithm including diagnosis codes and consecutive blood pressure measurements, 10 we identified 56 274 adults (age, Ն18 years) who were new users of antihypertensive therapy (defined as no evidence of antihypertensive drug dispensing during the previous 8-year period) January 1 through December 31, 2008. We excluded 7818 patients (13.9%) who were not continuously enrolled and who did not have an active drug benefit on the date that therapy was started and for at least 250 days following the therapy start date to ensure adequate follow-up. We allowed for gaps in drug coverage of no more than 60 days. We also excluded 4288 patients (7.6%) who were hospitalized at any point during that period. After excluding 1 additional patient of unknown sex, our final cohort included 44 167 patients.
DATA SOURCES
The hypertension registry included clinical databases extracted from integrated electronic medical records at Kaiser Permanente Northern California. Ambulatory pharmacy data included the date of prescription of medications and refill information. In this closed pharmacy system, patients have a strong financial incentive to fill prescriptions at a health plan pharmacy, with more than 95% of the members obtaining prescription medications in-house.
11,12
DEFINITION OF OUTCOME MEASURES
We identified 3 stages of suboptimal medication-taking behavior among patients receiving new treatment: primary nonadherence, early nonpersistence, and nonadherence. Primary nonadherence was defined as being prescribed a new antihypertensive medication but failing to fill the prescription within 2 months of the date it was ordered. Early nonpersistence was defined as filling the first prescription but failing to refill an antihypertensive medication within 90 days of the date of the first filled prescription for that medication. Patients who switched medications within the first 90 days of initiating therapy were not included in the calculation of primary nonadherence or early nonpersistence.
Nonadherence was defined as not having medication available for 20% or more of days during the 12 months following initiation of therapy. This measure was calculated only for patients continuously enrolled for at least 12 months after initiation of antihypertensive medication with at least 1 refill within the first 90 days (ie, excluding patients with early nonpersistence). Continuous gap measures are refill-based measures of nonadherence demonstrating high reliability and validity, particularly when both prescribing and dispensing data are used. [13] [14] [15] As a secondary outcome, we examined systolic blood pressure (SBP), a highly reliable measure of blood pressure control across age groups, [16] [17] [18] [19] measured within 90 days before the 12-month anniversary of the date of therapy start. Good control was defined as 140 mm Hg (Ͻ130 mm Hg if diabetes mellitus or chronic kidney disease was present).
KEY COVARIATES
Race and ethnicity were key covariates in this analysis, and data were available from administrative sources and self-report. We classified patients as white (non-Hispanic) (37.0%), black (nonHispanic) (6.9%), Asian (non-Hispanic) (8.8%), Hispanic (10.1%), and other or unknown (37.2%). Nearly all (97.9%) patients whose race/ethnicity was categorized as other or unknown had missing data.
We created 3 measures to represent potentially modifiable system-level determinants of suboptimal medication-taking behavior. First, we identified the level of expected co-payment for generic medications ($0-$5, $6-$10, and Ͼ$10 per prescription) for each patient. More than 95% of all prescribed antihypertensive agents were generic formulations. We also assessed voluntary enrollment in a mail-order pharmacy program, which included a financial incentive in the form of reduced copayments for approximately 30% of the patients. Use of a mailorder pharmacy was considered a predictor of nonadherence because enrollment in the program ruled out the possibility of early nonpersistence (ie, failure to refill the first prescription).
The choice of initial antihypertensive therapy is influenced by patient and provider characteristics and preferences, as well as by health system factors, such as clinical guidelines and preferred drug lists. Therefore, we included the medication used in initiating therapy (diuretics, angiotensin-converting enzyme inhibitors, angiotensin II receptor blockers, ␤-blockers, calcium channel blockers, and other agents, including ␣ 1 -adrenergic antagonists, ␣ 2 -adrenergic agonists, and peripheral vasodilators) as a third factor that is potentially modifiable through health system intervention. Patients initiating therapy with more than 1 agent (24%) were assigned to the agent listed first in the pharmacy record.
We further adjusted for factors that may be correlated with race/ethnicity, including patient age and sex. We also created categorical variables representing the median household income (Ͻ$40 000, $40 000-$74 999, or Ն$75 000 per year) and average educational attainment (Ͻ10%, 10%-19%, 20%-29%, or Ն30% with a bachelor's degree) for each patient's US Census 2000 block group of residence.
To control for severity of hypertension, we included the most recent SBP reading (Ͻ140, 140-149, 150-159, or Ն160 mmHg) recorded before initiation of antihypertensive treatment, which was available for 93.4% of the study population. Patientreported smoking status (yes/no) and clinically assessed body mass index (calculated as weight in kilograms divided by height in meters squared) were also included.
We also included indicators for competing health care needs, 20 including several medical (cardiovascular disease, chronic kidney disease, and diabetes mellitus) and mental health (schizophrenia, bipolar disorder, anxiety, and depression) comorbidities. We used the International Classification of Diseases, Ninth Revision, Clinical Modification 21 to identify conditions based on 1 inpatient or 2 outpatient diagnoses observed between 2000 and the date of initiation of antihypertensive therapy. Given challenges in identifying depression using medical records, 22 we only counted depression diagnoses that occurred during the 12-month period before initiation of antihypertensive medication and used dispensing of select antidepressant classes (tricyclics, serotonin reuptake inhibi-tors, and norepinephrine reuptake inhibitors) to identify patients with possible depression. We further controlled for variation in the use of health services by including the number of medical office visits during the 12 months before starting antihypertensive therapy.
STATISTICAL ANALYSIS
We used logistic regression with time-dependent covariates to estimate early nonpersistence and nonadherence, respectively, among patients with hypertension who were new users of antihypertensive therapy. We first estimated the association between race/ethnicity and the primary outcomes, controlling only for age and sex. To evaluate whether health system factors acted as potential mediators of the relationship between race/ethnicity and medication use, we sequentially added groups of covariates representing cardiovascular risk factors, socioeconomic status, medical comorbidity, psychiatric comorbidity, number of medical visits, and finally, the 3 key health system factors to the model and observed the effect on the coefficient for race/ethnicity. A relative change in the coefficient of 10% or more was considered strong evidence of a mediating or explanatory factor.
We also tested for interactions between race/ethnicity and health system factors to test for possible effect modification using the log-likelihood statistic. To facilitate the interpretation of statistically significant interactions, we used the estimates generated by the model with interaction terms to calculate predicted probabilities for each of the main outcomes for important racial/ethnic and medication subgroups. For this calculation, we set the remaining covariates to match the distribution of these factors among white patients and then graphically compared the resulting subgroups of interest. We used multiple imputation to address missing values for body mass index (28.2% missing) and baseline SBP (6.6% missing) 23 and compared the model results with and without imputed values.
Finally, we visually compared changes in SBP over time, stratifying by race/ethnicity and medication persistence. All statistical analyses were conducted using commercial software (SAS, version 9.1; SAS Institute Inc). 24 This study was approved by the institutional review board at Kaiser Foundation Research Institute.
RESULTS
At the time therapy was initiated, SBP was similar across racial/ethnic subgroups ( Table 1) . Black and Hispanic patients were younger, more likely to be obese, and more likely to have lower household income and educational attainment compared with other subgroups. Black and white patients were more likely to be active smokers. Rates of medical and psychiatric comorbidity were fairly similar by race/ethnicity.
Primary nonadherence (failing to fill a prescription) was generally low, affecting fewer than 5% of all patients, and was similar across racial/ethnic subgroups (data not shown). Unadjusted prevalence of early nonpersistence ( Table 2 ) ranged between 11.3% and 42.5% and was highest for blacks. Unadjusted prevalence of nonadherence (Table 2 ) ranged between 17.1% and 28.1% and was also highest for black patients.
The modeling results for early nonpersistence are presented in Table 2 . Adjusting only for age and sex, blacks (odds ratio [OR], 1.59; 95% CI, 1.46-1.73), Asians (1.36; 1.26-1.47), and Hispanics (1.48; 1.37-1.58) all had higher odds of early nonpersistence compared with whites. Sequential adjustment for cardiovascular risk factors, socioeconomic status, medical and psychiatric comorbidity, frequency of medical visits, and health system factors did not attenuate the associations between race/ ethnicity and early nonpersistence (Table 2) .
Medication co-payment and the choice of antihypertensive therapy were independently associated with early nonpersistence. A co-payment of $6 to $10 was marginally associated with higher odds of early nonpersistence relative to a co-payment less than $6 (OR, 1.06; 95% CI, 1.01-1.11). Patients initiating treatment with angiotensin II receptor blockers had a dramatically lower likelihood of early nonpersistence compared with patients initiating therapy with diuretics (OR, 0.48; 95% CI, 0.40-0.57). Tests of interactions between race/ethnicity and these health system factors revealed modification of the race/ethnicity effect by type of medication (Figure) . Specifically, Asians using angiotensin-converting enzyme inhibitors had a higher likelihood of early nonpersistence (estimated proportion: 38.7%; for interaction, P = .004), as did Hispanics who initiated therapy with ␤-blockers (35.0%; P = .06). In contrast, Asians who initiated therapy with ␤-blockers (24.8%; P = .002) had lower odds of early nonpersistence with antihypertensive therapy.
Several sociodemographic and clinical factors were associated with early nonpersistence, including younger age, male sex, smoking, having a body mass index less than 25, baseline SBP between 140 and 149 mm Hg, lower annual income (Ͻ$40 000), lower educational attainment (Ͻ10% bachelor's degree), diabetes mellitus, and 3 or more medical visits during the 12 months before initiation of therapy. The results were robust to the inclusion of imputed values for body mass index and baseline SBP. Table 2 reports the results of the models predicting antihypertensive nonadherence. Adjusting for age and sex, race/ethnicity was associated with nonadherence, with black (OR, 1.74; 95% CI, 1.53-1.97), Asian (1.20; 1.07-1.35), and Hispanic (1.67; 1.51-1.86) patients having higher odds of nonadherence compared with whites.
Medication co-payment, type of medication initiated, and enrollment in a mail-order pharmacy were all associated with nonadherence. Co-payments of $6 to $10 (OR, 1.19; 95% CI, 1.11-1.28) and $11 or more (1.35; 1.20-1.52) were associated with higher odds of nonadherence during the first year of therapy. Patients initiating therapy with angiotensin II receptor blockers (OR, 1.27; 95% CI, 1.04-1.55) and other less commonly prescribed medications (1.43; 1.18-1.73) had higher odds of nonadherence compared with patients using diuretics. Enrollment in mail-order pharmacy was associated with reduced odds of nonadherence (OR, 0.57; 95% CI, 0.53-0.61).
The association between race/ethnicity and nonadherence was attenuated by the inclusion of information about co-payment status and mail-order pharmacy use. After inclusion of these covariates, the association between race/ ethnicity and nonadherence was as follows: blacks, OR 1.55 (95% CI, 1.37-1.77); Asians, 1.13 (1.00-1.28); Hispanics, 1.46 (1.31-1.63); and other/unknown, 1.01 (0.93-1.09). We found no evidence of an interaction between health system factors and race/ethnicity.
Results were robust to the inclusion of imputed body mass index and baseline SBP. After adjustment for all covariates, the estimated proportion of patients who were nonadherent by race/ethnicity was as follows: whites, Twelve months after therapy was started, blood pressure control improved for all patients. Blood pressure in fewer than 20% of patients was poorly controlled compared with in more than 60% of patients at baseline. Blacks who exhibited nonpersistence with antihypertensive agents had the highest proportion (28.2%) with uncontrolled blood pressure at the end of follow-up. In contrast, Asians who were adherent to therapy had the lowest proportion with uncontrolled blood pressure after 12 months (14.1%) (data not shown).
COMMENT
In this setting, we found higher rates of blood pressure control and lower rates of primary nonadherence compared with previous studies. 25, 26 Good blood pressure control in this setting has been reported 27 and may be related to early detection, as well as to payment mechanisms that financially reward physician groups based in part on the proportion of patients with good blood pressure control.
Our finding of racial/ethnic differences in both early nonpersistence and nonadherence is consistent with prior evidence. 8, 9, 25, 26 However, the interaction between race/ethnicity and medication type as predictors of early nonpersistence is novel and may reflect unmeasured clinical factors, contraindications, or treatment preferences that vary across racial/ethnic groups. [28] [29] [30] [31] [32] [33] Whether variation in early nonpersistence can be reduced through the use of decision tools and other strategies designed to better match patients with therapy deserves further exploration.
Our finding regarding the importance of mail-order pharmacy use as a potential policy-level mechanism for improving adherence is consistent with previous studies [34] [35] [36] [37] [38] in this and other settings. This study provides additional evidence that exposure to a mail-order pharmacy across racial and ethnic subgroups, rather than differential response to this practice, contributes to disparities in adherence. 35 However, all patients using a mailorder pharmacy in this setting also had access to telephone-based counseling from pharmacists, and approximately one-third also received a financial incentive (ie, lower co-payments) for participating in the program. 35 Moreover, integrated electronic medical records may facilitate patient monitoring and continuity of care for patients receiving medications by mail. Research is needed to explore the specific mechanisms by which use of a mail-order pharmacy may influence adherence across diverse care settings.
This study has limitations that deserve consideration. First, we could not control for unmeasured physiological, behavioral, and psychosocial factors that may explain some of the observed relationships between race/ethnicity and behavior. Also, we may have misclassified some patients because of inaccurate or missing race/ethnicity data and do not have sufficient information to hypothesize about differences among patients with missing demographic data. In addition, although the use of pharmacy records to estimate adherence is well supported, [13] [14] [15] we did not directly observe patient behavior. Therefore, to the extent that there is greater variation in actual vs estimated adherence, our findings may be biased. It is possible that we misclassified some patients as having hypertension; however, we believe that this possibility was reduced through the application of a complex algorithm to identify patients with hypertension to reduce any potential bias or noise relating to misdiagnosis. 10 Evidence from recent disparities-focused interventions in cardiovascular disease indicates that multifaceted interventions to address barriers to self-management may be particularly effective but provide little guidance as to which barriers are most amenable to change through health system intervention. [39] [40] [41] [42] [43] [44] Our findings suggest that health system factors have the potential to reduce racial and ethnic differences in both early persistence with and ongoing adherence to antihypertensive therapy. Medication cost and ease of access may be universally important modifiable determinants of ongoing adherence, suggesting that medication cost assistance may be a critical component of interventions to reduce cardiovascular-related disparities. These findings suggest that the strategies implemented to reduce disparities in medication use should be tailored to the stage of treatment, recognizing that the relative importance of health system factors is likely to change as patients move from initiation of therapy to making adherence a part of their everyday lives. We found evidence that health system factors may play important roles as mediators and modifiers of racial/ ethnic differences in medication-taking behavior. Unlike socioeconomic and psychosocial determinants that can be difficult to change, medication choice, copayment, and access are potentially modifiable through system-level intervention and have the potential to reduce nonadherence, a well-known and especially challenging aspect of hypertension management in highrisk populations. 
